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Overview

AWe are designing SAND, considering different geometries:
AECAL + 3DST+ STT
AECAL + 3DST + TPC
AECAL + STT

also for beam monitoring we need a magnet
because spectral monitoring is necessary

In this talk
A Beam monitoring with A 3DST only (update)
A ECAL + STT
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A summary of many analysis

A 3DST only 2 analysis

- GuangYang, David&galaberna
- Artem ChukanoyBing Guo, Roberto Petti

A ECAL+ STT 2 analysis

-Artem ChukanoyBing Guo, Roberto Petti, Svetlaviasina
-Federico Battisti and Mattedenti
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Beam monitoring

Study if SAND is sensitive to the flux variations listed by beam monitor group

Beam parameter Variation These are quoted by the beam group as 1 sigma
variation

Horn current 3 kA

Water laver thickness 0.5 mm

Decay pipe radius 0.1 m

Proton target density 2% How much is our detector sensitive?

Proton beam radius 0.1 mm

Proton beam offset X F0.45 mm _ _

Proton beam . é 0.07 wrad 6. 1.57 6 How many days we need to discover the different

Proton beam 6 0.070 mrad beam respect to the nominal one?

Horn 1 X shift 0.5 mm

Horn 1Y shift 0.5 mm What is our sensitivity in one week?

Horn 2 X shift 0.5 mm

Horn 2 Y shift 0.5 mm

In both the studies the nominal and the variated flux were generated.
The nominal flux was simulated in the detector geometry and the events for the variated flux were reweighted accordin
the variated flux distribution (in different ways in the two analysis)
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Beam monitoring with 3DST only

INTERACTIONS in 3DST
cube of dimensions: 24 mx2.4mx?2
FV 10 cm from the edgd 8.7 ton

SIMULATIONS PROCEDURE
dk2nu + GENIE + smearing with expected resolution
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Reweighting technique for events

The nominal flux was simulated in the detector geometry
the events for the variated fluxes were reweighted accordingly to the variated flux distribution
averaged orthe X, Y coordinates

Nominal flux 0.5 mm horn 1 shift Y
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So the reweights are calculated as a function of the neutrino energy
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Reweigthing technique for events

variated/nominal

0.5 mm horn 1 shift Y With respect to the CDR data 20 times

more statistic was considered
- /)
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In this analysis
1.01 [

the flux was integrated betweerl mto 1 min
- . | X and Y directions
1,005 [ i

| [ |I|I|l.I| . A )/ SYSN\EéF 0] DSi
[ | L'. | | | Inll { -.II

| | POT/week considered= POT year/52=1.1E21/52=2.12E19 P(
[ ]

0.985—

but remind that the number quoted as POT/year corresponds
to about 206 days
Neutrino energy (GeV)
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Reconstructed spectra
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One day neutrino energy w/ smearing
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One day muon energy w/ smearing

Reconstruction done by:

Muon in 3DST, calorimetrically 1%
Muon in TPC, mom. Res. 4% at 1GeV
smearing applied on true momentum
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Analysis

nominal—-shifted

vnominal

shifted / nominal shifted significance
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SpeCtra.I reSUIt@ith 2% rate uncertainties included)

Muon reconstruction

AC is the validation by Artem
sqrt(dchi2) Horn 1X Horn 1Y Horn 2X Horn 2Y (who did not include 2% rate
7 days 0.9/(AC)1.3 0.9/(AC)1.2  0.1/(AC)0.1 0.03/(AC) 0.04 uncertainty and used 3.8E19
30 days 1.9 1.9/ 0.2/ 0.1/ pot instead of 2.1E19 pot
sqrt(dchi2) Target density P Beam width P Beam offset P Beam theta In first approximation
7 days 22/(AC)2.8 12/(AC)1.6 0.1/(AC)0.1 0.1/(AC)0.1 N Tt a0 G®O0s 00
30 days 45 2.5 0.2/ 0.2/ TR QCJ "

sqrt(dchi2) P Beam tilt Horn current Water layer  Decay pipe radius ©or more precisely the p value can be

7 days 003/(AC)0.1 29/(AC)42 13/(AC)19 19/(AC)26  P°btainedby x*=Sart(dchi2)+n with
nof=nbins-1

30 days 0.1 6.1 2.6 3.9

Further studies

A 3DST FV cut to be changed from 10cm outer edge to&dnctrease of 4(?) tons mass

A 3DST volume can be extended along X (there is lot of empty space left inside KLOE)

A ECAL events have been added to 3DST and currently under valiaggpect to have a # of events comparable to 3DS
A Now looking only to the muon spectrum, but also neutrino spectrum will be used
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vertex distribution

LAr active target : ; B: solenoid

~1 ton " 4 i loke et

Coils and cryo

EM-CALO
Barrel +Endcap

i
If
‘ ) + [ Pb +SciFi
IH No separation

from tracker

ECAL + ST1

Inner volume~45m3

INTERACTIONS in ECAL Straw Tube ECAL

_22320_200-150_100.50 0 50 100 150 200 250 (the endcap are
not shown)

¢ STT fiducial volume: R < 190, | X| < 159 cm 7.4ton
¢ LAr meniscus fiducial volume: R < 200, Z < -184 cm 1 ton (small fraction)
¢ ECAL fiducial volume: 200 < R < 225, | X| < 169, Z <0 em  22.7 ton

LAY

SIMULATIONS PROCEDURE:

dk2nu + GENIE + EDEPSIM (GEANTA4) + fast reconstruction based on hits in“eagh.
subdetector i
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Reweighting

Simulating with dk2nu files allows us to have beam , (em® per POT per 1 GeV)
information up to the interaction point in the detector . e
(neutrino direction and energy) 4 My 27oeecs

3 Bidl D' & 1.48
Eid Darw' 2813

In this case the detector dimensions are bigger
+2m along X axis and25 m along Y axis

The variations depends on distance from z axis, on x E
coordinate, on y coordinates 2
&
<

Reweighting for X and Y distribution R 2 (Gev)
bins: 12.5 cm x 12.5 cm x 250 MeV

expected weekly exposure 3.78 x 101 p.o.t.
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Fast reconstruction based on hits

A Require a reconstructed muon track in STT: at least 6 hits in the vertical tubes (bending plane)

A Reconstructed energy =
+ calibrated energy deposited atal
+ deposited energy in liguid argon meniscus
+ kinetic energy for particles entering STT

A Kinetic energy for charged particle in STT :

smearing on momentum of particle at the entering point

(by using equatioiGlucksterrformula +multiscatteringterm based on number of detected hits and
consistent with reconstruction of circular fitjalidated by full reconstruction

A Neutral particles : from charged particles in STT or from photons from pitain
accordingly to results from full simulation

Muon energy resolution  sigma=3%  rms=5%
Neutrino energy resolution sigma= 7 rms=15%
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Analysis

Shifted/nominal

he Neutring energy rec ECAL, varinom

Neutrino energy
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For variations depending on X or Y coordinates

the data were splitted in two histograms

X dependence Y dependence

X<0 Off set X V<o Horn 1Y v>0
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0% p.o.t.

Number of reconstructed events300 k in STT 700 k in ECAL

Results for 1 weel e oo

ECAL STT

Beam parameter Variation Ax*(E,) AX*(E,) Ax?(E,) AX*(E,)

true rec | true rec | true rec | true rec
Horn current -3 kA 107.6 76.1 | 26.0 254 | 506 205 | 11.4 10.4
Water layer thickness -0.5 mm 21.2 16.2 8.7 8.5 9.1 6.0 3.4 3.0
Decay pipe radius 0.1 m 42.0 34.3 | 12,0 119 | 199 13.7 5.1 4.8
Proton target density -2% 18.0 14.3 8.9 8.7 7.6 5.3 3.3 3.1
Proton beam radius 0.1 mm 349 276 | 182 17.8 | 13.5 9.8 6.6 6.1
Proton beam offset X +0.45 mm 24.6 16.9 9.0 8.7 9.5 h.3 3.0 2.7
Proton beam @, ¢ 0.07 mrad 8, 1.57 ¢ 0.5 0.1 0.1 0.1 0.3 0.1 0.0 0.0
Proton beam 6 0.070 mrad 0.7 0.2 0.1 0.1 0.4 0.1 0.0 0.0
Horn 1 X shift -0.5 mm 16.2  10.7 4.3 4.1 7.2 3.9 1.7 1.6
Horn 1Y shift -0.5 mm 20.6 13.6 5.7 h.b 7.3 4.1 1.8 1.7
Horn 2 X shift -0.5 mm 0.4 0.2 0.1 0.1 0.2 0.1 0.0 0.0
Horn 2 Y shift -0.5 mm 0.4 0.1 0.0 0.0 0.2 0.1 0.0 0.0

3 types of variations Radial corrections, X corrections, Y corrections

There is a significative difference between True and reconstrutedsolution is important
Neutrino energy is more sensitive with respect to muon momentum
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Different shapes for identifying the problem

X dependence

Off set X
X<0
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Y dependence
Horn 1 Y

Y<0

oy Mt =y EiSAl ohil = 138

= =

Decay pipe radius

A Mo drdigy s ECAL, il = 54

Cylindrical symmetry
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Background rejection for events in ECAL FV

all bkg events

Reconstructed muon in STT with N(Y)Hit6 (YZ: bending plane)

Reconstructed hits in FV of front ECAL with deposited energy in
(active) celb= 10kkeV

Events from the side and downstream rocks result in negligible

Background from rock muons almost entirely from rocks &
materials in front of SAND

> S . Background reconstructed in STT and ECAL: 0.4%
woonol N - Signal reconstructed in STT and ECAL : 73%
wel.  Layer with earliest ECAL hit E:m EZ:: mefF’f ::_26 : :j:zt
- 260 ps resolution time for ECAL gﬂ?ﬁnmir;ffc; IE&EEECALME igg; %gﬂ;ﬁ oan ;8432
20000 — NN cut 1.556| [95.51% ﬁ
e I With a NeuralNetwork basedon timing and topologicalinformation
| SOURTOOUOTTRTT TS o we canreject the backgroundfrom rocksand from magnetwith a small
o 05 1 1§ 2 2/ 3 B 4 e lossof efficiencyand keepingeCAIEV
Inner layer outer layer

ND call, 1% April 2020

Beam monitor with SAND




Conclusions

A 3DST only
Beam monitoring with 3DST only and by using muon spectrum are not enough sogrdficance
A Adding ECAL interactions will increase the statistic and the significance will improve

ECAL + STT

A Results indicate a sensitivity exceedingr@one week for many variations: _
horn current, water layer thickness, decay pipe radius, proton target density, beam
rms, beam off set X, horn 1 X shift, horn 1 Y shift

A More sensitivity for neutrino energy
A Possible identification of the type of beam variation

Further studies
A For other geometries (ECAL + 3DST)
A Use complete detector simulation and reconstruction for all detector configurations
A Improving and kecking the background rejection
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Ingrid-like 28 ton Rate results
(with 2% rate uncertainty)
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* Spectral monitoring IS
needed obviously

sqrt(dchi2) Horn 1X Horn 1Y Horn 2X Horn 2Y

7 days 0.5 0.1 0.02 0.00
sqrt(dchi2) Target density P beam width P beam offset P beam theta

7 days 0.02 0.02 0.09 0.03
sqgrt(dchi2) P beam tilt Horn current Water layer Decay pipe radius

7 days 0.00 0.2 0.5 0.5
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Energy resolution

neutring enangy resolution STT

nautring anangy resolution ECAL
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Old reweigthing
(very poor statistic for variated flux)
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Both ECAL and STT extend to large radial distances up to 2.5 m






